Energy plays an important role in the economic development. Hence many studies have attempted to test for causality between energy and economic growth. This paper investigates the causal relationship between energy consumption and economic growth in China. By applying techniques of ADF, co-integration, Hsiao's Granger causality, the paper analyzes this relationship, and the results infer that economic growth granger causes energy consumption and energy consumption granger causes economic growth respectively.
Introduction
Energy plays an essential role in an economy, so the relationship between energy consumption and economic growth is now well researched in the literature. Lots of literatures are based on the questions that whether economic growth leads to energy consumption or that energy consumption is the engine of economic growth. The answer to this question has important implication for the policy makers. Empirically it has been tried to find the direction of causality between energy consumption and economic activities for some countries employing the Granger Test, ECM and other techniques. The result show the answer is mixed.
In the recent papers, Morimoto & Hope (2004) analyzed the relations between electricity and GDP growth in Sri Lanka from 1960 to 1998 by using Granger Test. Ghali and El-Sakka (2004) found that the short-run dynamics of variables indicated that Granger's causality is running in two directions between output growth and energy consumption based on data from Canada. Ghosh (2002) found no co-integration and argued that there is unidirectional Granger causality from economic growth to electricity consumption using annual data covering the time span 1950-1997 in India. Oh and Lee (2004) found causal relationship between energy consumption and economic growth respectively in Korea from 1970 to 1999 using year data by co-integration & ECM. Paul & Bhattacharya (2004) investigated the causality between energy consumption and economic growth for India, found different result by using different method. Altinay and Karagol (2005) found that electricity-GDP causality in Turkey from 1950 to 2000 by the method of Doladoand and Granger. Lee (2005) investigated the causality between energy consumption and economic growth for 18 developing countries by using Panel Co-integration and ECM, finding energy-GDP causality exist from 1975 to 2001. Jaruwan Chontanawat (2006) reviewed the papers and listed the mainly research on the relation between energy consumption and economic growth by table from 1985 to 2005. In these papers, only two ones directly associated with China.
A similar study would be beneficial in China to design an economic policy framework for the energy. The paper tries to research on this question. The reminder paper is organized as follows. Section 2 presents the method used in this paper. Section 3 presents the data and discusses the results of the co-integration analysis. The final section summaries and concludes.
Methodology
From the literature we can find that there are mainly four methods in this area, including ECM, Ganger, Co-integration and Hsiao's Granger. Each has its advantage and shortcoming. However in four methods, the Hsiao's Granger is later, which enhances Granger-causality by using the Akaike (1969) Final Prediction Error (FPE) criteria to decide lag length, and widely used recently. Given the hypothesis of econometric and the limitation of four methods, lots of literatures adopt three stage methods. This paper also adopts this method.
This method includes the following three stages: In equation (1), e causes y if the current value of y is predicted better by including the past values of e than by not doing so. The homologous explaining to equation (2). By according to Granger (1986) , the test is valid if the variables are not co-integrated. Following the developments of co-integration, for non-stationary variables, if variable is integrated one, equations (1) and (2) should be written by first difference. 
The key of Hsiao's Granger is applying Akaike (1969) Final Prediction Error (FPE) criteria in granger test. Its main function is to confirm the lag length. The lag length is decided by the sample size and economic process. Generally, it is better to select m as large as possible. For example, to test whether e causes y , one-dimensional autoregressive process is first estimated as equation (5) 
T m FPE m SSE m T T m
Where T is sample size and SSE is sum of squared errors.
According to the above statement, Hsiao's procedure requires two steps. Also taking test whether e causes y as example.
The first step is according to equations (5) and (6) (8) and (9) is as follows:
where EC is the error correction term from equation (3).
Empirical Results

(1) Data
The data includes GDP and energy consumption from 1953 to 2006. We can gather data from China statistics yearbook and the net of GDP is in hundred million RMB using the present price, consumption is in ten thousands tons criteria coal which calculated by equivalent to generate power. They can be gathered from the net of the National Bureau of Statistics and China Economic Information Network. The data list in table1.
Insert Table1 Here.
(2) Results
The results of our estimations are presented step by step. The result is computed by Eviews5.1.
Test for stationary
The results are reported in table.2. This is achieved when testing e and y in levels by including a constant term and a time trend in the ADF equation whereas when testing the first differences of e and y, the ADF equation includes a constant. For both, the number of lags is determined by using the Schwarz info criteria (SIC). This table shows that the series of GDP and energy consumption are stationary in the first difference, and integrated of order I(1).
Insert Table 2 Here
Test for co-integration
From above table, the variables which have been tested for the order of integration and found to have the same order are used to estimate co-integration regression. We adopt "intercept (no trend) in CE and test" and lag interval choose (1,1). Table 3 reports the results of the Johansen tests. The absolute values of the calculated test statistics for all the residuals are more than its critical value at the 5 percent level. Neither series is co-integrated.
InsertTable 3 Here
Hsiao's granger causality test
Because of no co-integrated the standard Granger test is appropriate, and then we should go to stage 3a. By following the estimations based on equations (3) to (7), we are able to reach the results of Hsiao's Granger test reported in tab.4.
Insert Table 4 Here As for economic growth causes energy consumption, the economy development is supported by heavy industry and construction industry. Two industries both are high energy consumption industries. More serious is that the price of energy is low; the consciousness of saving energy is dim. So the development of economy is in the cost of energy consumption. So the economic growth causes energy consumption.
As for energy consumption causes economic growth, the energy is one of based industries. The consumption of energy is produced in domestic in China. Sensitive factor and influential factor of energy industry both are high, so the development of energy industry drives the growth of other industry, and then promotes economic growth.
Summary and Policy Implications
In this paper we try to investigate the casual relationship between growth in energy consumption and growth in GDP, especially discussing whether uni-directional or bi-directional causality exists between energy consumption and economic growth in China. From the data analysis, we find the logarithm of GDP and economic consumption are one integrated by ADF test. From Johansen co-integration test, co-integration is not found. Then according to Hsiao's granger causality test, we can inform that economic growth granger causes energy consumption and energy consumption granger causes economic growth.
The result has important policy implications. China is a big energy consumer agent, which has a huge gap between energy supply and demand. What is more serious is that Chinese energy efficiency is very low. So the economic growth needs more energy. The economic growth was supported by construction, steel, metallurgy, equipment electro-analysis aluminum, glass and etc, all of which are high consumer of energy. In a way, this is concerned with the economic development phase. But we should also change the increase mode of economy and consciousnesses of energy consume, pay attention to saving energy and enhancing energy efficiency from the whole energy chain. In detail we should do as hereinafter.
Firstly, to enhance the rate of taxes and the price of energy, bring up the consciousness of saving energy and improve the exploitation efficiency step by step. Secondly, bring price difference of electrovalence in practice, higher price to the industries which have high level of energy consumption; promote them to enhance the energy using efficiency. Thirdly, improve on manner of economic using, especially in living. Fourthly, pay attention to circulation use of energy. 
